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NOVEL ANTIBODIES FOR TREATMENT AND PREVENTION OF 
INFECTION IN ANIMALS AND MAN 



5 



BAnKaROUND OF THE INVENTIQN 



There has long been a need for efifective agents for prevention and treatment 
of infection in animals and man. TyP^cal methods comprise administration 

10 of chemical agents which inhibit the growth of microorganisms allowing the 
inunune system to eradicate the infectious agent. Whilst natural and 
synthetic chemicals have been particularly effective as treatments for 
bacterial infection, the emergence of resistant strains has proved frequent 
and problematic. For viral infections, chemical agents have had limited 

15 effect and the severity of disease is usually^correlated with immune system 



For many years, the effectiveness of serum from immime individuals on 
prevention and treatment of infectious disease has been known. However, it 

20 is well known that the antibodies within himian immune sera which are 
responsible for effective treatment, i.e., the neutralising antibody 
component, are only a very small fraction of the total sera antibody. 
Furthermore, the use of immune sera has been limited by low neutrahsing 
antibody levels, by the scarcity of immime donors, by the cost of treatment 

25 and more recently by the risk of adventitious spread of disease through 
microorganisms in donor sera. 

The development of monoclonal antibody technology provided the means for 
development and production of pure murine monoclonal antibodies in large 

30 quantities from cell lines devoid of pathogemc microorganisms. With this 
technique it was possible to provide monoclonal antibodies which interacted 
with pathogenic organisms, some of which monoclonal antibodies could 
prevent the growth of the target microorganisms in infected mice. 
Unfortxmately, it is not possible to predict from in vitro studies which 

35 antibodies will be most effective at in vivo killing of microorganisms. Many 



status. 
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monoclonal antibodies with high binding affinity for their target in an in 
vitro setting are not eflfective in vivo . In fact, in some cases where 
antibodies are effective at preventing growth of the xnicroorganisros under 
laboratory conditions, they prove ineffective in the in vivo environment. 

5 

The impact and limitations of murine monoclonal antibodies for treatment 
of infectious disease is illustrated by the case of respiratory syncytial virus 
(RSV) infection. RSV is the m^jor cause of lower respiratory tract infection 
in infants in the first year of life and a significant cause of respiratory 

10 disease ia young cattle. In man, most attempts to vaccinate against RSV 
infection have failed, and treatment of RSV infection with chemical drugs 
such as ribavirin is only partially effective. Murine monoclonal antibodies 
specific for RSV have been shown to be effective in prevention and 
treatment of RSV in mice. However, the use of murine monoclonal 

15 antibodies for treatment and prevention o^RSV in non-murine species is 
potentially limited by the immune response of these species to the "foreign" 
murine antibody, Le., immune responses in humans against murine 
antibodies have been shown to both immtmoglobulin constant and variable 
regions (human anti-mouse antibodies). Therefore, non-immxmogenic 

20 variants of monoclonal antibodies where the immunoglobulin constant and 
VEuiable regions contain amino add sequences recognised as "self* by the 
RSV infected recipient are needed for effective prevention and treatment of 
RSV infection. 

25 Recombinant DNA technology has provided the ability to alter antibodies in 
order to substitute specific immunoglobulin (Ig) regions from one species 
with regions firom another. Patent Cooperation Treaty Patent Application 
No. PCT/GB85/00392 (Neuberger et al and Celltech Limited) describes a 
process whereby the complementary heavy and light rh^ir% variable domain 

30 of an ^ molecule firom one spedes may be combined with the 

complementaxy heavy and light chain Ig constant domains firom another 
species. This process may be used, for example, to alter mxuine monoclonal 
antibodies directed against a specific himian disease. Such alteration is 
effected by sxibstitution of the murine antibody constant region domains 

35 with hxmian IgG constant region domains to create a "chimeric" antibody to 
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be potentially iised for treatment of such human disease. However, such 
chimeric antibodies will still potentially elicit an immime response in 
humans against the murine (i.e, "foreign") variable regions. 

British Patent Application Publication Number GB2188638A (Winter) 
describes a process whereby antibodies are altered by substitution of their 
complementarity determining regions (CDRs) from one species with those 
from another. This process may be used, for example, to substitute the 
CDRs from human heavy and light chain Ig variable region domains with 
alternative CDRs from murine variable region domains. These altered Ig 
variable regions may subsequently be combined with human Ig constant 
regions to create antibodies which are totally human in composition except 
for the subsitituted murine CDRs. Such murine CDR-substituted 
antibodies are likely to elicit a considerably reduced iznmime response in 
humans compared to chimeric antibodies because they contain considerably 
less murine components. However, as stated in British Patent Application 
Publication Number GB2188638A, merely replacing one or more CDRs with 
complementary CDRs from another species which are specific for a desired 
disease may not always result in an altered antibody which retains the 
antigen binding capacity of complementary CDRs. The British Patent 
Application proposes that by "routine experimentation or by trial and error", 
a functional altered antibody with antigen binding capacity may be 
obtained. However, no description of the nature of the routine 
experimentation or the trial and error process needed to obtain the desired 
antibody is provided, and there is a suggestion that successive replacements 
of CDRs from dififerent sources should be attempted. 

Examination of the three-dimensional structures of several IgGs has led to 
the conclusion that the Ig variable regions of heavy and light chains each 
comprise three looped structures (which include the CDRs) supported on a 
sheet>like structure termed the variable region framework. The 
predominant definition of what comprises a CDR and what comprises a 
framework is based upon amino acid sequences of a number of Igs. 
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In three dimensional configuration, the aforementioned loop structures and 
CDRs between a mouse and human antibody do not correspond exactly 
although there is considerable overlap. Therefore it appears that, in some 
cases, the transfer of antigen binding spedfidty by replacement of CDRs 
S may require the additional replacement of residues adjacent to the defined 
CDRs. For example, it has been hypothesized that , in certain cases, 
variable region framework amino add residues may be important in antigen 
binding through direct interaction with CDRs (See, Amit et al., Sdence , 233 
(1986) pp 747-753; Queen et al., Proe. Natl. Acacl. Sm.. fifi (1989) ppl0029. 

10 10033; and Protein Design Labs, Patent Cooperation Treaty Patent 

AppUcation Publication Ntonber WO9007861, published July 26, 1990). In 
the Queen et al. reference, the authors selected human variable regions for 
murine CDR-replacement on the basis of maximum homology to the murine 
variable region comprising the CDRs used for the replacement. In addition, 

15 on the basis of computer modelling, the Q^een et al, authors utilized a 
h uman framework for CDR replacement which induded several murine 
firamework amino adds thought to interact with the murine CDRs. The 
resultant altered antibody, whilst retaining antigen binding capadty, 
contained additional murine firamework amino adds. Such addtional 

20 murine firamework amino adds might contribute to an enhanced immxme 
response to the altered antibody in hxmians. 

In addition, previous studies (see, e.g., Riechmann,et al.. Nature, 332 
(1988), p323-327) have demonstrated that the use of reshaping can be used 
25 to transfer in vitro high affinity binding firom mouse to human antibodies, 
but it has not previously been shown that it is possible to provide the 
combination of properties required for preservation of e£Eective prevention of 
growth of human respiratory syncytial virus (RSV) in vivo . 

30 Therefore, there is a need for altered antibodies with minimg^l 

immxmogenidfy for the prevention and treatment of infectious disease. In 
addition, there is a need for a defined process to produce such altered 
antibodies without radical alteration of variable region firameworks and the 
assodated effect on immunogenidty. The present invention provides 

35 altered antibodies for prevention and treatment of infectious disease and a 
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process for their production by introducing only critical variable region 
framework modifications* 

RSV, which is in the genus Pneumovirus of the ParamyxoviridcLe 
5 family, is a major cause of lower respiratory tract infections in 
yoimg children. Primary infection gives an incomplete immunity, 
and reinfection is frequently observed dtiring childhood. The role of 
immune mechanisms in the human disease have not been clarified. 
Previous attempts to develop eflfective vaccines with attenuated or 
10 killed RSV have met with failure, i.e., not only were the children 
unprotected, but subsequent infections with RSV sometimes 
resulted in more severe diseases than in non-immimized controls. 
RSV infection is also a major cause of respiratory infection in yoxmg 
cattle. 

Recently, certain immimological and molecular information has 
been obtained regarding the antigenic and functional properties of 
RSV proteins. The RSV fusion protein (F) and the RSV attachment 
protein (G) have been identified as the major viral antigens, and 

20 their genes have been cloned and sequenced. Two antigenically 
distinct subgroups of himian RSV, designated A and B, have been 
described. The antigenic differences between A and B subgroups 
reside mainly on the RSV G protein. In contrast, the RSV F protein 
has a high degree of genetic and antigenic homology between the 

25 two subgroups, and various strains within these subgroups. 

Monoclonal antibodies (mAbs) directed against both envelope 
glycoproteins (F and G) of RSV have been demonstrated to 
neutralize the virus. (See, Walsh & Hruska, JL Virology. 41, 171-177 

30 (1983); and Walsh et al., JL fifilL VirologV. fiS. 761-767 (1984)). 
However, in vitro and in vivo studies with mAbs or with vaccinia 
virus recombinants expressing F protein indicated that this protein 
is the most important antigen in inducing cross-protective 
immunity. (See, Johnson et al., i Ymito.fil. 3163-3166 (1987); 

35 Ohnsted et al., Eroc HaL AcasL ScL USA, 7462-7466 (1986); Wertz 
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et al., J, Virology, 61. 293-310 (1987); and Walsh et al., Infection 
and Immunity, 43. 756-758 (1984)). Several authors have identified 
dififerent antigenic sites in the F protein and have shown that at 
least three of these antigenic sites are involved in neutralization. 
5 Two or three neutralizing epitopes have been located on the F 

protein in dijfferent ways. Using escai)e mutant viruses, Lopez et al., 
sL Virologv, 927-930 (1990) have shown that two amino add 
residues (i.e., 262-Asn and 268-Asn) of the Fi subunit of the F 

protein are essential for the integrity of a particular neutralizing 
10 epitope. Another highly conserved neutralizing epitope has been 

mapped with synthetic peptides to residues 221-ne to 232-Glu of 

the Fl subunit of the F protein by Trudel et al., J. General Virology. 

£a, 2273-2280 (1987). Finally, a recent analysis by the Pepscan 

procedure identified an epitope at positions 483-Phe to 488-Phe of 
15 the Fl subunit of the F protein, which epitope could correspond to 

another neutralizing epitope. (See, Scopes et al., J. Greneral 

Viroloyy. 21, 53-59 (1990)). 

There is a need for the development of new therapies for the treatment and 
20 prevention of RSV infection. A neutralizing and protective epitope of an 
RSV viral antigen could prove useful in the generation of monoclonal 
antibodies useful for the prophylaxis and/or treatment of RSV infection. 
The present invention provides such a novel epitope on the RSV F protein 
which is recognised by a neutralizing and protective antibody in vivo. 

25 

BRIEF DESnRTPTTQN OF THE FTftTTRTT!S 

Figure 1 shows the DNA sequence and corresponding amino add sequence 
of the RSV19 heavy chain variable region (VH). The CDR sequences are 
30 boxed. The first eight and last eleven amino adds, as underlined, 
correspond to sequences of the oligonucleotide primers used. 



Figure 2 shows the DNA sequence and corresponding amino add sequence 
of the RSV19 light chain variable region (VK). The CDR sequences are 
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boxed. The first eight and last six amino adds, as iinderHned, correspond to 
sequences of the oligonucleotide primers used. 

Figure 3 shows the basic plasmid pHuRSVl9VH comprising a human Ig 
heavy chain variable region framework and CDRs derived firom mouse 
RSV19. 

Figure 4 shows the basic plasmid pHuRSV19VK comprising a human Ig 
light chain variable region firamework and CDRs derived from mouse 
RSV19, 

Figure 5 shows the derived Ig variable region amino add sequences encoded 
by RSV19VH, RSV19VK, pHuRSWH and pHuRSV19VK, and derivations 
ofpHuRSV19VH. 

Figure 6 shows an ELISA analysis of the binding of HuRSV19VHA^ 
antibody and its derivative, HuRSVl9VHFNSA^ to RSV antigen. 

Figure 6A shows that there is little if any difference between the 
ability of the RSV19 and HuRSV19VHFNS/HuRSV19VK antibodies 
to bind to intact^ non-denatured RS virus. 

Figure 7 shows that mAb RSV19 binds to two synthetic peptides 
consisting of, respectively, amino add residues 417-432 and 422- 
438 oftheF protein. 

SUMMARY OF TFTR TNVF.NTTnM 

The present invention relates to altered antibodies in which at least parts of 
the complementarity determining regions (CDRs) in the light and/or heavy 
variable domains of an acceptor monodonal antibody have been replaced by 
analagous parts of CDRs from one or more donor monoclonal antibodies, 
and in which there may or may not have been mmimfll alteration of the 
acceptor monoclonal antibody light and/or heavy variable domain 
framework region in order to retain donor monoclonal antibody binding 
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specificity, wherein such donor antibodies have specificity for 
microorganisms, in particular specificity for respiratory syncytial virus 
(RSV). The present invention also relates to a process for preparing such 
altered antibodies; a pharmaceutical composition comprising a therapeutic, 

5 non-toxic amount of such altered antibodies and a pharmaceutically 
acceptable carrier or diluent; and a method of prophylactically or 
therapeutically treating a microoiganism-induced disease state in a human 
or animal in need thereof which comprises administering an effective 
amount of such altered antibodies to such human or animal. Preferably the 

10 altered antibodies of the invention will be produced by recombinant DNA 
technology. The altered antibody of the present invention may comprise a 
complete antibody molecule Qiaving full length heavy and Ught chains) or 
any firagment thereof, such as the Fab or (Fab')2 fi-agment, a light chain or 
heavy chain dimer, or any minimal recombinant firagment thereof such as 

^5 an Fv or a SCA (single-chian antibody) or ^y other molecule with the same 
specificity as the altered antibody of the invention. Alternatively, the 
altered antibody of the invention may have attached to it an effector or 
reporter molecule. For instance, the altered antibody of the invention may 
have a macrocyde, for chelating a heavy metal atom, or a toxin, such as 

^ ridn, attached to it by a covalent briding structure. Alternatively the 
procedure of recombinant DNA technology may be used to produce an 
altered antibody of the invention in which the Fc firagment or CHS domain 
of a complete antibody molecule has been replaced by an enzyme or toxin 
molecule. The remainder of the altered antibody may be derived bom any 

^ suitable hmnan immunoglobulin. However, it need not comprise only 
protein sequences fix>m the human immunoglobulin. For instance a gene 
may be constructed in which a DNA sequence encoding part of a human 
immunoglobulin chain is fused to a DNA sequence encoding the amino add 
sequence of a polypeptide effector or reporter molecule. 

30 

Another aspect of this invention is the discovery of a specific epitope of the F 
(fusion) protein of RSV which has been demonstrated to be a target for 
monodonal antibodies which both protect and cure mice of infection by RSV. 
In addition, it has also been demonstrated that Fab fragments of such 
35 monodonal antibodies protect mice firom in vivo infection. Thxis, the present 
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invention also relates to such specific epitope of the F protein of RSV; 
monodonal antibodies directed againist such epitope; and Fab fragments of 
such monoclonal antibodies. In addition, this invention relates to a 
pharmaceutical composition comprising a therapeutic, non-toxic amount of 
5 such monoclonal antibodies or Fab fragments and a pharmaceutically 
acceptable carrier or diluent; and a method of prophylactically or 
therapeutically treating RSV infection in a human or animal in need thereof 
which comprises administering an effective amoimt of such monoclonal 
antibodies or Fab fragments to such human or animal. 

10 

The present invention provides altered antibodies with specificity for 
microoiganisms, and the DNA coding for such antibodies. These antibodies 
comprise Ig constant regions and variable regions from one source, and one 
or more CDRs from a difiTerent source. 

In addition, amino acid substitutions in the variable region frameworks are 
described which are critical for antigen binding affinity. The invention also 
provides vectors producing the altered antibodies in mammahan cell hosts. 



20 The present invention particularly applies to the provision of altered 

antibodies with the combination of properties reqtdred for the prevention 
and treatment of infections in animals and man. For example, non-human 
antibodies with specificity for micro organisms may be altered to produce 
"humanised" antibodies which elicit a minimal immune response in 

25 humans. In particular, the invention provides "humanised" antibodies with 
specificity for RSV which are shown to be effective in an flTiimal model for 
RSV infection in humans and to recognise a large variety of human clinical 
isolates of RSV. 

30 The present invention also provides a method for efifecting minimal 

modifications to the amino adds of variable region frameworks in order to 
retain the antigen binding capacity of CDRs firom a difierent source. The 
method involves stepwise alteration and testing of individual amino acids in 
the variable region framework potentially critical for antigen binding 
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afifinity. The method avoids major introduction of framework amino adds 
from the same source as CDRs. 

DETAILED DESCRIPTION OF THE TNVENTTON 

As used herein, the term "humanized antibody" refers to a molecule having 
its complementarity determining regions (and, perhaps, minimal portions of 
its light and/or heavy variable domain framework region) derived from an 
immunoglobulin from a non*human species, the remaining immxmoglobulin- 
derived parts of the molecule being derived from a hxmian inunxmoglobulin. 

The present invention relates to altered antibodies in which at least parts of 
the complementarity determining regions (CDRs) in the light and/or heavy 
variable domains of an acceptor monoclonal antibody have been replaced by 
analagous parts of CDRs frx>m one or more^onor monoclonal antibodies, 
and in which there may or may not have been Tninimal alteration of the 
acceptor monoclonal antibody hght and/or heavy variable domain 
framework region in order to retain donor monoclonal antibody binding 
specificity, wherein such donor antibodies have specificity for 
microorganisms, in particular specificity for respiratory syncytial virus 
(RSV). The present invention also relates to a process for preparing such 
altered antibodies; a pharmaceutical composition comprising a therapeutic, 
non-tozic amount of such altered antibodies and a pharmaceutically 
acceptable carrier or diluent; and a method of prophylactically or 
therapeutically treating a xnicrooxganism-induced disease state in a human 
or animal in need thereof which comprises administering an effective 
amount of such altered antibodies to such human or animal. 

The altered antibodies of the invention may be produced by the following 
process: 

(a) producing, by conventional techniques, in an expression vector an operoh 
having a DNA sequence which encodes an antibody heavy or light rbyiin 
wherein at least the CDRs (and those minimftl portions of the acceptor 
monoclonal antibody light and/or heavy variable domain framework region 
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reqmred in order to retain donor monoclonal antibody binding spedfidty) of 
the variable domain are derived from a non-human immunoglobulin^ such 
as that produced by RSV19, and the remaining immimoglobulin-derived 
parts of the antibody chain are derived from a human immimoglobulin, 
5 thereby producing the vector of the invention; 

(b) producing, by conventional techniques, in an expression vector an operon 
having a DNA sequence which encodes a complementary antibody light or 
heavy chain wherein at least theCDRs (and those minimal portions of the 

10 acceptor monoclonal antibody light and/or heavy variable domain 

framework region required in order to retain donor monoclonal antibody 
binding spedfidty) of the variable domain are derived from a non-human 
immtmoglobulin, such as that produced by RSV19, and the remaining 
immunoglobulin-derived parts of the antibody chain are derived from a 

15 human immunoglobulin, thereby producing another vector of the invention; 

(c) transfectinig a host cell by conventional techniques with the or each 
vector to create the transfected host cell of the invention; 

20 (d) culturing the transfected cell by conventional techniques to produce the 
altered antibody of the invention. 

The host cell may be transfected with two vectors of the invention, the first 
vector containing an operon encoding a light chain-derived poljrpeptide and 

25 the second vector containing an operon encoding a heavy chain-derived 
plypeptide. Preferably the vectors are identical except in so far as the 
coding sequences and selectable markers are concerned so to ensure as far 
as possible that each polypeptide chain is equally expressed* Alternatively, 
a single vector of the invention may be used, the vector induding the 

30 sequence encoding both light chain- and heavy chain-derived polypeptides. 
The DNA in the coding sequences for the light and heavy chains may 
comprise cDNA or genomic DNA or both. 
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The host cell used to express the altered antibody of the invention is 
preferably a eukaryotic cell, most preferably a mammalian ceU, such as a 
CHO cell or a myeloid cell. 

5 The general methods by which the vectors of the invention may be 

constructed, transfection methods required to produce the host cell of the 
invention, and culture methods necessary to produce the altered antibody of 
the invention firom such host cell are all conventional techniques. Likewise, 
once produced, the altered antibodies of the invention may be purified 

10 according to standard procedures of the art, including ammonium sulfate 
precipitation, afiBnity columns, column chromatography, gel electrophoresis 
and the like. 

An example of the altered antibody of the invention are humanised 
15 antibodies derived from the murine monoclonal antibody RSV19 such as 
HuRSVlSVHATK and HuBSV19VHFNS/HuRSV19VK which are described 
in the Examples. Such antibodies are useful in treating, therapeutically or 
prophylactically, a human against human RSV infection. Therefore, this 
invention also relates to a method of treating, therapeutically or 
20 prophylactically, human HSV infection in a human in need thereof which 
comprises administering an effective, h nmnn RSV infection treating dose 
such altered antibodies to such human. 

The altered antibodies of this invention may also be used in conjimction 
25 with other antibodies, particularly hiunan monoclonal antibodies reactive 
with other markers (epitopes) responsible for the disease against which the 
altered antibody of the invention is directed. 

The altered antibodies of this invention may also be used as separately 
30 administered compositions given in conjunction with chemotherapeutic or 
immunosuppressive agents. The appropriate combination of agents to 
utilized can readily be determined by one of skill in the art using 
conventional techniques. As an example of one such combination, the 
altered antibody of the invention known as HuRSV19VHFNS/HuSSV19VK 
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20 



25 



30 



may be given in conjunction with the antiviral agent ribavirin in order to 
facilitate the treatment of RSV infection in a human. 

One pharmaceutical composition of the present invention comprises the use 
of the antibodies of the subject invention in immimotoxins, i.e«, molecules 
which are characterized by two components and are particularly useful for 
killing selected cells in vitro or in vivo. One component is a cytotoxic agent 
which is usually fatal to a cell when attached or absorbed. The second 
component, known as the "delivery vehicle" provides a means for delivering 
the toxic agent to a particiolar cell type^ such as cells comprising a 
carcinoma. The two comx)onents are commonly chemically bonded together 
by any of a variety of well-known chemical procedures. For example, when 
the C3rtotoxic agent is a protein and the second component is an intact 
immunoglobulin, the linkage may be by way of heterobifunctional cross- 
linkers, e.g., carbodiimide, glutaraldehyde^and the like, Production of 
various immunotoxins is well-known in the art. 

A variety of cs^toxic agents are suitable for use in iimnunotoxins, and may 
include, among others, radionuclides, chemotherapeutic drugs such as 
methotrexate, and cytotoxic proteins such as ribosomal inhibiting proteins 
(e.gM ridn). 

The delivery component of the immunotoxin will include the human-like 
immun oglobulins of the present invention. Intact immunoglobulins or their 
binding firagments, such as Fab, are preferably used. T^ypically, the 
antibodies in the immunotoxins will be of the human IgM or IgG isotype, 
but other mammalian constant regions may be utilized if desired. 

The altered antibodies and phaimaceutical compositions of the invention 
are particularly useful for parenteral administration, i.e., subcutaneously, 
intramuscularly or intravenously. The compositions for parenteral 
administration will commonly comprise a solution of the altered antibody of 
the invention or a cocktail thereof dissolved in an acceptable carrier, 
preferably an aqueous carrier. A variety of aqueotis carriers may be 
employed, e.g., water, buflfered water, 0.4% saline, 0.3% glycine, and the 
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like. These solutions are sterile and generally free of particxilate matter. 
These solutions may be sterilized by conventional, well known sterilization 
techniques. The compositions may contain pharmaceutically acceptable 
auxiliaiy substances as required to approximate physiological conditions 

5 such as pH adjusting and buffering agents, etc. The concentration of the the 
altered antibody of the invention in such pharmaceutical formulation npn 
vary widely, i.e., from less than about 0.5%, usually at or at least about 1% 
to as much as 15 or 20% by weight and will be selected primarily based on 
fltdd volimies, viscosities, etc., according to the particular mode of 

10 administration selected. 

Thus, a pharmaceutical composition of the invention for intramuscular 
iiyection could be prepared to contain 1 mL sterile buffered water, and 60 
mg of an altered antibody of the invention. Similarly, a pharmaceutical 

15 composition of the invention for intravenoys infusion could be made up to 
contain 250 xvl of sterile Binger's solution, and 150 mg of an altered 
antibody of the invention. Actual methods for preparing parenterally * 
administrable compositions are well known or will be apparent to those 
skilled in the art and are described in more detail in, for example, 

20 TlemiTiyf/>n's Pharmfleeutical Science, 15th ed.. Mack Publishing Company, 
Easton, Penns^vania. 

The altered antibodies of the invention can be lyophilized for storage and 
reconstituted in a suitable carrier prior to use. This technique Hpg been 
25 shown to be effective with conventional immune globulins and art-known 
lyophilization and reconstitution techniques can be employed. 

Depending on the intended result, the pharmaceutical composition of the 
invention can be administered for proph^ctic and/or therapeutic 

30 treatments. In therapeutic application, compositions are administerd to a 
patient already suffering from a disease, in an amotmt sufficient to cure or 
at least partially arrest the disease and its complications. In prophylactic 
applications, compositions containing the present antibodies or a cocktail 
thereof are administered to a patient not already in a disease state to 

35 enhance the patient's resistance. 
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Single or miiltiple administrations of the pharmaceutical compositions can 
be carried out with dose levels and pattern being selected by the treating 
physician. In any event, the pharmaceutical composition of the invention 
5 should provide a qtiantity of the altered antibodies of the invention 
su£G.cient to effectively treat the patient. 

It should also be noted that the altered antibodies of this invention may be 
used for the design and synthesis of either peptide or non-peptide 
10 compotinds (mimetics) which would be useful in the same therapy as the 
antibody. See, e.g., Saragovi et al,. Science, 253 , 792-795 (1991). 

Another aspect of this invention is the discovery of a specific epitope of the F 
(fusion) protein of RSV which has been demonstrated to be a target for 

15 monoclonal antibodies which both protected cure mice of infection by RSV. 
In addition, it has also been demonstrated that Fab fragments of such 
monoclonal antibodies protect mice from in vivo infection. Thus, the present 
invention also relates to such specific epitope of the F protein of RSV; 
monoclonal antibodies directed against such epitope; and Fab firagments of 

20 such monoclonal antibodies. In addition, this invention relates to a 

pharmaceutical composition comprising a therapeutic, non-toxic amoimt of 
such monoclonal antibodies or Fab firagments and a pharmaceutically 
acceptable carrier or diluent; and a method of prophylactically or 
therapeutically treating RSV infection in a human or animal in need thereof 

25 which comprises administering an effective amount of such monoclonal 
antibodies or Fab fragments to such human or animal. 



The present invention provides altered antibodies with specificity for 
microorganifims, and the DNA coding for such antibodies. These antibodies 
30 comprise Ig constant regions and variable regions from one source, and one 
or more CDRs from a difference source. 

In addition, amino add substitutions in the variable region firameworks are 
described which are critical for antigen binding aflSnity. The invention also 
35 provides vectors producing the altered antibodies in Tnflmmflli> n cell hosts. 
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The present invention particularly applies to the provision of altered 
antibodies with the combination of properties required for the prevention 
and treatment of infections in aniTnals and man. For example, non-human 

5 antibodies with specificity for micro organisms may be altered to produce 
"humanised" antibodies which elicit a minimal immune response in 
humans. In particular, the invention provides "humanised" antibodies with 
spedfidty for RSV which are shown to be effective in an animal model for 
RSV infection in humans and to recognise a large variety of human clinical 

10 isolates of RSV. 

The present invention also provides a method for efifecting minimal 
modifications to the amino adds of variable region fii'ameworks in order to 
retain the antigen binding capadty of CDRs firom a different soxirce. The 
15 method involves stepwise alteration and testing of individual amino adds in 
the variable region firamework potentially critical for antigen binding 
affinity. The method avoids mcgor introduction of firamework amino adds 
from the same source as CDRs. 

20 The following examples are offerred by way of illustration, not by limitation. 

In the following examples all necessary restriction enzymes, plasmids, and 
2S other reagents and materials were obtained from commerdal sources uixless 
otherwise indicated. 

In the following examples, unless otherwise indicated, all general doning, 
ligation and other recombinant DNA methodology was performed as 
30 described in "Molecular Cloning, A Laboratory Manual (1982) eds T. 

Maniatis et. al., published by Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York (hereinafter referred to as "Maniatis et al."). 
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In the following examples, the following abbreviations may be employed: 





ueoxycyaaine tripnospnaife 


OA.ix' 


deoxyadenosine triphosphate 


dGTP 


deoxyguanosine triphosphate 


dTTP 


deoxjrthysiodine triphosphate 


DTT 


dithiothreitol 


C 


cytosine 


A 


adenine 


T 


thymine 


G 


guanine 


DMEM 


Dulbecco's modified Eagle's meditun 


PBST 


Phosphate buffered saline containing 0.02% 




Tween 20 (pH 7.5) 



15 ALTERED ANTIBODIES 

Examples 1-3 describe the preparation of the altered antibodies of the 
invention. 

EXAMELELliPRODUCTION OF ALTERED ANTIBODIES SPECIFIC FOR RSV 
The source of the donor CDRs utilized to prepare these altered antibodies 

20 was a murine monoclonal antibody, RSV19, specific for the fusion (F) 
protein of RSV. The RSV19 hybridoma cell line was obtained from Dr. 
Geraldine Taylor, Institute for Animal Health, Compton Laboratory, 
Compton, Near Newbuiy, Berks, RG16 ONN, England. Methodology for the 
isolation of hybridoma cell lines secreting monoclonal antibodies specific for 

25 RSV is described by Taylor et al., Immunoloyv. 52 (1984) pl37-142. 

Cytoplasmic RNA was prepared by the method of Favaloro et. al., (1980) 
Methods in Enzvmologv. YsL fiSi p.718-749, from the RSV19 hybridoma cell 
line, and cDNA was synthesized using Ig variable region primers as follows: 
30 for the Ig heavy chain variable (VH) region, the primer 

VHIFOR (5TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG3*) 
was used, and 

for the Ig light chain variable region (VK), the primer 
VKIFOR (5'GTTAGATCTCCAGCTT(}GTCCC3') 
35 was used. 
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cDNA synthesis reactions consisted of 20mg RNA, 0.4mM VHIFOR or 
VKIFOR, 250mM each of dATP, dCTP, dGTP and dTTP, 60mM Tris-HCl 
pH 7.5, 75mM KCl, lOmM DTT, 3mM MgCl2 and 27 units RNase inhibitor 
5 (Pharmacia, Milton Keynes, United Kingdom) in a total volume of 50ml. 
Samples were heated at 70°C for 10 minutes (min) and slowly cooled to 42°C 
over a period of 30 min. Then, 100m MMLV reverse transcriptase (life 
Technologies, Paisley, United Kingdom) was added and incubation at 42°C 
continued for 1 hour. 



VH and VK cDNAs were then amplified using the polymerase chain reaction 
(PGR) as described by Saiki, et al., Science. 239 (1988), p487-491. For such 
PGR, the primers used were: 



VHIBACK (5'AGGTSMARCT(3GAGSAGTCWGG3*); and 
VK1BACK(5'GACATTGAGCTGACCCAGTCTCCA3*), 
whereMs C or A, S = C orG, and W = Aor T . 

20 Primers VHIFOR, VKIFOR. VHIBACK and VKIBACK. and their use for 
PCR-amplification of mouse Ig DNA, is described by Orlandi et al., Proc. 
Nat. AcasL SsL USA. fiS, 3833-3937 (1989). 

For PGR amplification of VH, DNA4>rimer mixtures consisted of 5ml 
25 RNA/cDNA hybrid, and 0.5mM VHIFOR and VHIBACK primers. For PGR 
amplifications of VK, DNA^rimer mixtures consisted of 5ml RNA/cDNA 
hybrid, and 0.5mM VHIFOR and VKIBACTK primers. To these mixtiures 
was added 200 mM each of dATP, dGTP, dGTP and dTTP, lOmM Tris-HGl 
pH 8.3, 50mM KGl. 1.5mM Mga2> 0.01% (wAr) gelatin, 0.01% (v/v) Tween 
30 20, 0.01% (v/v) Nonidet P40 and 2 units Taq DNA polymerase (United 

States Biochemicals-Cleveland, Ohio, USA). Samples were subjected to 25 
thermal cydeB of PGR at 94°G, 1 min; 60°G, 1 min; 72°G, 2 min; ending with 
5 min at 72°G. For doning and sequencing, amplified VH DNA was purified 
on a low melting point agarose gel and by Elutip-d colimm chromatography 
35 (Schleicher and Schuell-Dtissel, Germany) and cloned into phage M13 



10 



15 



VHIFOR; 
VKIFOR; 
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(Pharmacia-Milton Keynes, United Kingdom). The general cloning and 
ligation methodology was as described in "Molecxilar Cloning, A Laboratory 
Manual (1982) eds T. Maniatis et. aL, published by Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York (hereinafter referred to as 
5 "Maniatis et al/\ VH DNA was either directly ligated into the Smal site of 
M13 mpl8/19 (Pharmacia-Milton Keynes, UK) or, following digestion with 
PstI, into the PstI site of M13tgl31 (Amersham Intemational-Little 
Chalfont, UK). Amplified VK was similarly gel purified and cloned by the 
following alternatives: 
10 PvuII digest into M13mpl9 (Smal site) 

Pvun and BgUI digest into M13mpl8/19 (Smal - BamHI site) 
PvuH and BglH digest into M13tgl31 (EcoRV - BglH site) 
Bgin digest into M13tgl31 (Smal - Bglll site) 

15 The resxiltant collections of overlapping clones were sequenced by the 

dideoxy method (Sanger, et aL, Proc. Nat. Acad. ScL USA* lA (1977) p5463- 
5467) using Sequenase (United States Biochemicals-Cleveland, Ohio, USA). 

From the sequence of RSV19 VH and VK domains, as shown in Figure 1 and 
20 2 respectively, the CDR sequences were elucidated in accordance with the 
methodology of Kabat et al., in Sequences of Proteins of Icamunological 
Interest (US Dept of Health and Human Services, US Grovemment Printing 
Office, (1987)) utilizing computer assisted alignment with other VH and VK 
sequences. 

25 

Transfer of the murine RSV19 CDRs to human frameworks was achieved by 
site directed mutagenesis. The primers used were: 
VHCDRl 5'CTGTCTCACCCAGTGCATATAGTAGTCGCTGAAGGTGAA 
GCCAGACACGGT3' 
30 VHCDR2 5'CATTGTCACTCTGCCCTGGAACTTCGGGGCATATGGAA 
CATCATCATTCTCAGGATCAATCCA3' 
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10 



15 



20 



25 



30 



VHCDR3 5' CGCTTGGCCCCAGTGGTCAAAGTCACTCCCCCATCIT 
GCACAATA3' 

VKCDRl 5' CTGCTGGTACCATTCTAAATAGGTGTTTCCATCAGTATGT 



ACAAGGGTCTGACTAGATCTACAGGTGATGGTCA3' 
VKCDR2 5' GCTTGK3CACACCAGAAAATCGGTTGGAAACTCTGTAG 
ATCAGCAG3' 

VKCDR3 5' CCC?ITGGCCGAACGTCCGAGGAAGATGTGAACCTTGAA 
AGCAGTAGTAGGT3' 

The DNA templates for mutagenesis comprised human firamework regions 
derived from the crystallographically solved proteins, NEW ( described by 
Saul, et al., iL Biol.. Chem.. S2. (1978), p585-597) with a substitution of 
amino add 27 firom serine to phenylalanine (See, Riechmann et al., loSL £it-) 
and KEI (described by Epp et al, Eur J. Bioehem. 45 (1974). p5 13-524) for 
VH and VK domains, respectivdy. MIS b^d templates comprising human 
frameworks with irrelevant CDRs were prepared as described by 
Riechmann et al.. Nature. 222. (1988). 

Oligonucleotide site directed mutagenesis of the human VH and VK genes 
was based on the method of Nakamaye et al., Nucl. Acids Res. 14 (1986) 
P9679-9698. 

To 5mg of VH or VK single-stranded DNA in M13 was added a two-fold 
molar excess of each of the three VH or VK phosphoiylated oligonucleotides 
encodizig the three mouse CDR (complementarity determining region) 
sequences. Primers were annealed to the template by heating to 70°C and 
slowly cooled to 37''C. To the annealed DNA was added 6u Klenow 
fragment (Life Technologies, Paisley, UK); 6u T4 DNA ligase (life 
Technologies, Paisley, UK); 0.5mM of each of the following nucleoside 
triphosphates (dATP, dGTP, dTIP and 2'-deo^Qytidine 5'-0-(l- 
thiotriphosphate) (thiodCnT); 60mM Tris-HCl (pH 8.0); 6mM Mga2; 5mM 
DTT (Sigma, Poole, UK); and lOmM ATP in a reaction volume of 50ml. This 
mixture was incubated at 16°C for 15 hours (h). The DNA was then ethanol 
precipitated and digested with 5 units Ndl (Life Technologies, Paisley, UK) 
which nicks the parental strand but leaves the newly synthesised strand 
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containing thiodCTP intact. The parental strand was then removed by 
digesting for 30 min with 100 iinits exonudease III (Phannada, Milton 
Keynes, United Kingdom) in 50 ml of 60mM Tris-HCl (pH 8.0), 0.66mM 
MgCl2, and ImM DTT. The DNA was then repaired through addition of 3 
S units of DNA polymerase I (Ldfe Technologies, Paisley, UK), 2 units T4 DNA . 
ligase in 50 ml of 60mM Tris-HCl (pH 8.0), 6mM MgCl2, 5mM DTT, lOmM 
ATP and 0,5mM each of dATP, dCTP, dGTP and dTTP. The DNA was 
transformed into competent £Lcq1LTG1 cells (Amersham International, 
Little Chalfont, UED by the method of Maniatis et al. Single-stranded DNA 
10 was prepared from individual plaques and sequenced by the method of 
Messing (1983) Msthflda in Enzvmology, IQl, p. 20-78. If only single or 
double mutants were obtained, then these were subjected to further rotmds 
of mutagenesis (utilizing the methodology described above) by using the 
appropriate oligonucleotides until the triple CDR mutants were obtained. 

15 

The CDR replaced VH and VK genes were doned in expression 
vectors (by the method of Maniatis et al.) to yield the plasmids 
shown in Figures 3 and 4 respectively, and such plasmids were 
termed pHuRSVlSVH and pHuRSV19VK For pHuRSV19VH, the 

20 CDR replaced VH gene together with the Ig heavy chain promoter 
(Figures 3 and 4), appropriate splice sites and signal peptide 
sequences (Figures 3 and 4) were excised from M13 by digestion 
with Hindlll and BamHI, and cloned into an expression vector 
containing the murine Ig heavy chain enhancer (Figures 3 and 4), 

25 the SV40 promoter (Figures 3 and 4), the gpt gene for selection in 
mammalian cells (Figures 3 and 4) and genes for replication and 
selection in SLcoli (Figures 3 and 4). A human IgGl constant 
region was then added as a BamHI fragment (Figures 3 and 4). 
The construction of the pHuRSV19VK plasmid was essentially the 

30 same except that the gpt gene was replaced by the hygromydn 
resistance gene (Figures 3 and 4) and a human kappa chain 
constant region was added (Figures 3 and 4). 

lOmg of pHuRSV19VH and 20mg of pHuRSVl9VK were digested 
35 with Pvul utilizing conventional techniques. The DNAs were mixed 
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together, ethanol precipitated and dissolved in 25ral water. 
Approximately 10^ YB2/0 cells (firom the American TyP^ Culture 
Collection, Rockville, Maryland, USA) were grown to semi- 
confluenpy, harvested by centrifugation and resuspended in 0.5ml 

5 DMEM (Gibco, Paisley, UK) together with the digested DNA in a 
cuvette. After 5 min on ice, the cells were given a single pulse of 
170V at 960uF (Gene-Pulser, Bio-Rad-Kichmond, California, USA) 
and left in ice for a further 20 min. The cells weip then put into 20 
ml DMEM plus 10% foetal calf serum and allowed to recover for 

10 48h. After this time, the cells were distributed into a 24-well plate . 
and selective medium applied (DMEM, 10% foetal calf serum, 
0.8mg/ml mycophenolic add, and 250m^ml xanthine). After 3-4 
days, the medium and dead cells were removed and replaced with 
firesh selective medium. Transfected clones were visible with the 

15 naked eye 10-12 days later. 

The presence of htiman antibody in the mediimi of wells containing 
transfected clones was measured by conventional ELISA 
techniques. Micro-titre plates were coated overnight at 4**C with 
20 goat anti-hxmian IgG (gamma r^l^^^^i specific) antibodies (Sera-Lab- 
Ltd., Crawley Down, UK) at 1 mg per well. After washing with 
PBST (phosphate btiffered saline containing 0.02% Tween 20x 
(pH7.5)), 100ml of culture medium firom the wells containing 
transfectants was added to each microtitre well for Ih at 37^C. The 

25 wells were then emptied, washed with PBST and either peroxidase- 
coiqugated goat anti-human IgG or peroxidase-coiijugated goat 
anti-human kappa constant region antibodies ( both obatined firom 
Sera-Lab Ltd., Crawley Down, UK) were added at 100 ng per well. 
Plates were then incubated at 37^C for Ih. The wells were then 

30 emptied and washed with PBST. 340 mg/ml fi-phenylenediamine in 
50mM sodium citrate, 50mM sodium phosphate (pH 5.0) and 
0.003% (v/v) H2O2 were added at 200ml per well. Reactions were 
stopped after 1 to 5 rr\\n by the addition of 12.5% sulphuric add at 
50 ml per well. The absorbance at 492 nm was then measured 

35 spectrophotometrically. 
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The humanised antibody HuRSV19VHA^ secreted from 
transfected cell lines cotransfected with pHuRSWH and 
pHuRSWK, was purified on Protein-A agarose colmnns 

5 (Boehiinger Mannheim^ Lewes, UIQ) and tested for binding to RSV 
virus in an ELISA assay. Antigen consisted of calf kidney (CK) 
cells infected with RSV (A2 strain of RSV obtained firom a child in 
Australia and described by Lewis et al., Mfid^ sL Australia. 932- 
933 (1961)) and treated with 0.5% (v/v) NP40 detergent to yield a 

10 cell lysate. A control cell lysate was similarly prepared using 

uninfected CK cells. Microtitre plate wells were coated with either 
infected or control cell lysate. Antigen coated plates were blocked 
with PBST for 1 hour at 37**C, washed with PBST, and thereafter 
himianised antibody was applied (i.e., HuRSV19VHArK). After 1 

15 hour at 37°C, the wells were emptied, wasljed with PBST and 200 
ng goat anti-human IgG antibodies (Sera Lab-Ltd., Crawley Down, 
UK) added per well. After 1 hour at 37**C, the wells were emptied, 
washed with PBST and 200ml of a 1:1000 dilution of horseradish 
peroxidase coxyugated rabbit anti-goat IgG antibodies (Sigma-Poole, 

20 UK) were added. After 1 hour at ST^C, the wells were emptied and 
washed with PBST. To each well was added 200ml substrate buffer 
(340mg/ml ihphenylenediamine in 50mM sodium citrate, 50mM 
sodium phosphate (pH 5.0) and 0.003% (v/v) H2O2). Reactions 
were stopped by the addition of 50ml 12.5% sxolphuric acid. The 

25 absorbance at 492 xmi was then measured. Antibody 

HuRSWHTVK bound to RSV although with an aflfinity less than 
the murine RSV19 antibody. 

EXAMPLE 2- PRQDUCnQN OF fflGH APFtNITY ANTIBODIES SPECIFIG 
30 FOR RSV BY A METHOD DESIGNED TO ACHIEVE 

MINIMAL VARIABLE REGION FRAMEWORK 
MODIFICATIONS GIVING RISE TO HIGH AFFINITY 
BINDING 

35 The method of this invention involves the following order of steps 
of alteration and testing: 
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1. Individual framework amino add residues which are 
known to be critical for interaction with CDRs are compared in the 
primary antibody and the altered CDR-replacement antibody. For 

5 example, heavy chain amino acid residue 94 (Rabat mmibering- see 
Kabat et al., cited above) is compared in the primary (donor) and 
altered antibodies. An arginine residue at this position is thought 
to interact with the invariant heavy chain CDR aspartic add 
residue at position 101* 

10 

If amino add 94 comprises arginine in the firamework of the 
primaiy antibody but not in the framework of the altered antibody, 
then an alternative heavy chain gene comprising arginine 94 in the 
altered antibody is produced. In the reverse situation whereby the 

15 altered antibody framework comprises an^rginine residue at 

position 94 but the primary antibody does not, tiien an alternative 
heavy chain gene comprising the original amino add at position 94 
is produced* Prior to any further analysis, alternative plasmids 
produced on this basis are tested for production of high afiBnity 

20 altered antibodies. 

2. Framework amino adds within 4 residues of the CDRs 
as defined according to Rabat (see Eabat et al., dted above) are 
compared in the primary antibody and altered CDR-replacement 

25 antibody. Where differences are present, then for each region (e.g., 
upstream of VHCDRl) the spedfic amino adds of that region are 
substituted for those in the corresponding region of the altered 
antibody to provide a small number of altered genes. Alternative 
plasmids produced on this basis are then tested for production of 

30 high afBnity antibodies. 

3. Framework residues in the primary and altered CDR- 
replacement antibodies are compared and residues with major 
differences in charge, size or hydrophobidty are highlighted. 

35 Alternative plasmids are produced on this basis with the individual 
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highlighted amino acids represented by the corresponding amino 
adds of the primary antibody and such alternative plasmids are 
tested for production of high afi&nity antibodies. 

5 The method is exemplified by the production of a high affinity 
altered antibody derivative of HuRSWHA^ (See, Example 1) 
specific for RSV, Comparison of VH gene sequences between 
RSV19VH and pHuRSV19VH (See, Figure 5) indicates that 3 out of 
4 amino add differences occur between amino adds 27 to 30 and 

10 between amino adds 91 to 94. Thus, pHiiRSV19VHNIK and 

pHuRSV19VHFNS were produced with firamework amino adds 27 
to 30 and 91 to 94 in the former, and amino adds 91 and 94 in the 
latter, represented as in the primary RSV19VH. Using 
oligonucleotide site directed mutagenesis as described in Example 

15 1, the following oligonudeotides were used for mutagenesis of the 
HuRSV19VH gene in M13: 

pHazRSV19VHNIK - 5'ATATAGTAGTCTTTAATGTTGAAGCCAGA 
CA3' 

pHuRSV19VHPNS - 5'CTCCCCCATGAATTACAGAAATAGA 
20 CCG3* 

Humanised HuBSV19VHFNS/HuIlSV19VK antibody was tested in 
an ELISA assay as detailed in Example 1 for analysis of binding to 
RSV antigen prepared from detergent-extracted, virus-infected 

25 cells. Figure 6 shows that the substitution of VH residues 91 to 94 
in HuRSV19VHA^ with VH residues firom mouse RSV19VH 
partially restored antigen binding levels* Additional analysis of 
HuFNS binding properties was performed using an ELISA assay in 
which intact Type A RS virus (Long strain) was used as the 

30 antigen. The data from such additional analysis (as shown in 
Figure 6A) show that there is littie if any difiference between the 
abiKty of the RSV19 and HuRSV19VHFNS/HuRSV19VK antibodies 
to bind to intact, non-denatured BS virus. This additional analysis 
also showed detectable binding of HuRSV19VHA^ to intact virus, 

35 althotigh of a much lower magnitude than was seen with either 
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RSV19orHuRSV19VHFNS/HuRSV19VK Thus, the data from this 
additional analysis suggests that the affinity for the native antigen 
was restored in the HuRSV19VHFNS/HuRSV19VK mAb. 
Specificity of HuESV19VHFNS/HuRSV19VK for RSV P protein was 
5 shown by conventional Western blot analysis using a truncated 
soluble F protein construct expressed in CHO cells. 

Example 3-s pecificity and biological acttvity op an altered 
antibody specific for rsv. 

10 

In order to ascertain the potential clinical usefulness of a 
humanised antibody spedfic for RSV» an immunofluorescence 
analysis of binding to 24 RSV clinical isolates was undertaken. The 
isolates were obtained from children during the winter of 1983-84 

15 by the Bristol Public Health Laboratory (B^tol, England) and 
represented both of the m£Qor subgroups of RSV. 13 isolates were 
serotyped as subgroup A and 11 isolates as subgroup B. HeLa or 
MA104 cells infected with RSV isolates were grown in tissue 
culture. When the cells showed evidence of cytopathic effect, 20 ml 

20 of 0.02% (w/v) disodium EDTA (ethylenediaminetetra-acetic add) 
(BDH Chemicals Ltd., Poole, UE) in PBS and 3ml of 0.25% (w/v) 
trypsin in PBS were added and the cell suspension spotted into 
wells of PTFE-coated slides (polytetrafluoroethylene coated slides) 
(Hendley, Essex, UK). After 3 hours at 37*^C, the slides were dried 

25 and fixed in 80% acetone. Cells were overlaid with monoclonal 
antibody (i.e., either humanised antibody, 

HuRSV19VHFNaHuRSV19VK. or the murine antibody RSV19) for 
1 hour at room temperature. After extensive washing, either 
fluorescein-^iqugated rabbit anti-mouse IgG (Nordic Laboratories- 
30 Tilburg, The Netherlands) or fluorescein-conjugated goat anti- 
human IgGl (Southern Biotechnology, Birmingham, Alabama, 
USA) was added, and the incubation was repeated. After further 
washing, cells were motmted in glycerol and examined under UV 
Ught, 
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Table I shows the results of comparative immunofluorescence for 
the humanised antibody, HuRSV19VHFNS/HuRSVl9VK, and the 
murine antibody RSV19. This data indicates that 100% of clinical 
isolates are recognised by both the humardsed and murine 
5 antibodies. Such data demonstrates that the htunanised antibody 
has the potential for recognition of most clinical isolates comprising 
both of the major RSV subgroups. 
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TABLP I 



Binding of Humanised Anti-RSV to Clinical Isolates 



Isolate Kumber 



Extent of Fluorescence * 
HuRSV19VHFNS/HuRSVlSVK Murine RSV19 



Subgroup A 



V818 

V795 

V00401 

V00214 

V00764 

V743 

V316 

V369 

VI249 

V04692 

VI248 

V01232 

V729 



-»-+++ 
+ 

++ 
++ 
++ 



++++ 

+ + +4 
+++ 

-*-+-»• 

-»-+ 

+ 



Subgroup B 



V00634 

V4715 

V00463 

y4712 

V00165 

V00422 

V837 

V00900 

4677 

4424 

V01231 



+-4. 



+++ 



++ 
++ 

+ + 
++•<- 



and +-*-^ refer to relative numbers of fluorescing 
cells observed and represent the proportion of cells infected 
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The humanised antibody, HuRSV19VHFNS/HxiRSVl9VK, was next 
tested for biological activity in vitro in a fusion inhibition assay. A 
suspension of MA104 cells was infected with RSV at an m.o.i. 
(miiltiplicity of infection) of 0.01 PFU (plaque forming xmits) per 
5 cell* After 1 hour at 37°C, 2ml of cells at lO^/ml were distributed to 
glass coverslips in tubes. After a further 24 hours at ST^'C, the 
culture medixim was replaced by medium containing dilutions of 
hxmianised antibody, HuRSV19VHFNS/HuRSV19VK 24 hours 
later, coverslip cultures were fixed in methanol for 10 minutes and 

10 stained with May Grunwald stain (BDH Chemicals Ltd., Poole, 
UK). Table n shows the effect of increasing concentrations of 
HuRSV19VHFNS/H\iESV19VK in inhibiting the fi-equency of giant 
cells. The data represented in the following Table 11 demonstrates 
the biological activity of the hiimanised antibody 

15 HxiRSV19VHFNS/HuRSV19VK in inhibiting Type A RSV induced 
cell fusion. It should be noted that additional studies showed that 
the fusion inhibition titres for RSV19 versus 
HuRSV19VHFNS/HuRSV19VK were comparable, providing 
additional evidence that affinity for the native viral antigen was 

20 fuUy restored in HuRSV19VHFNS/HuIlSV19VK The humanized 
antibody HuRSV19VHFNS/HuRSV19VK has also been shown, 
(using methodology analogous to that utilized above for showing 
inhibition of I^P^ A RSV induced cell fusion), to exhibit a dose 
dependent inhibition of Type B RSV (strain 8/60) induced giant cell 

25 fusion. 
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TABLKH 



Inhibition of RSV Induced Cell Fusion bv Humanised Anti-Rsv 

Concentration of »„^^,„ v 

HURSV19VHFNS/HURSV19VK Number of Giant Cells* Nucleii 
(xia/ml) wuciexi 

4.5 
4.0 
3.8 



100 


44 


50 


71 


25 


40 


12.5 


67 


6.3 


89 


3.1 


87 


1.6 


164- 


0.8 


201 


0.4 


292 


0-2 


219 


0 


239,259 


0 (no vims) 


10 



14,13.5 



Scored as the number of cells vith 2 or more nucleii in 20 fields 
with a 25x objective microscope leas 
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The humanised antibody, HuRSV19VHFNS/HuRSV19VK was next 
tested for biological activity in vivo in an RSV-mouse infection 
model. BALB/c mice (obtained from Charles Rivers: specific 
pathogen free category 4 standard) were challenged intranasally 
with 104 PPU of the A2 strain of human RSV (as described by 
Taylor et al.. Infection and Immunity. 42 (1984) p649-655). Groups 
of mice were administered with 25mg of humanised antibody either 
one day prior to virus infection or 4 days following infection. 

Administration of antibody was either by the intranasal (i.n.) or 
intraperitoneal (i.p.) routes. 5 days after RSV infection, mice were 
sacrificed and lungs were assayed for RSV PFU (see, Taylor et al., 
InffiCtiflri and immunity, 4a (1984) p649-655). The data in the 
foUowing Table IH shows that HuRSV19VHFNS/HuRSV19VK at a 
single dose of 25mg per mouse is extremely^ e£fectiye in prevention 
and treatment of RSV infection. 
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TABLE m 



Prevention and Treatment of RSV Tnf^r^.'o n in Hic^ bv Humanised Anr,-pcw 



Antibody Treatment 



Dayf 



Route* 



locTio PFU per cram of luno" 



-1 



-1 



i-n. 



+4 



+4 



l-p. 



i.n. 



<1.7 
<1,7 
<1.7 
<1.7 
<1.7 

<1.7 
<1.7 
<1.7 
<1.7 
<1.7 

<1.7 
<1.7 
1.7 
<1.7 

<1.7 
1.7 
<1.7 
1.7 
<1.7 

4-47 
4.32 
4.64 
4.61 
4.55 

-1 refers to administration of HuRSVlSVHFNS/HuRSVlSVK antibody 1 day 
SosriJjectloi''^^''"""' administration of antibo5y 4 days 

i.p. " intraperitoneal, i.n. - intranasal 

virus PFU is expressed as the virus titre from dilutions of 10%, (v/v) 
lung homogenates (see Taylor et al., loc. cit.) adjusted to PFU per 
gram of lung. <1.7 logio PFU per gram means that no virus was detected 
in the starting dilution of lung homogenate 10%. 



No antibody 
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HuRSV19VHFNS/HuRSV19VK was also shown to be active in vivo 
when administered prophylactically to mice challenged with Type B 
RSV (strain 8/60) using methodology similar to that described 
above. In addition, the humanized antibody HuRSV19VKVK was 
also shown to be active in vivo w hen administered prophylactically 
to mice challenged with Type B RSV (strain 8/60) using 
methodology similar to that described above. 

This invention also relates to a method of preventing human RSV 
infection in a human in need thereof which comprises 
administering to such human an effective, human RSV infection 
inhibiting dose of an altered antibody of this invention for which 
RSV19 or RSV20 was the donor monoclonal antibody. 

This invention also relates to a method of ^erapeutically treating 
h uman RSV infection in a himian in need thereof which comprises 
administering to such human an effective, hiunan RSV infection 
therapeutic dose of an altered antibody of this invention for which 
RSV19 or RSV20 was the donor monoclonal antibody. 

To eflfectively prevent RSV infection in a him:ian, one dose of 
approxixnately 1 mg/kg to approximately 20 mg/kg of an altered 
antibody of this invention for which RSV19 or RSV20 was the donor 
monoclonal antibody, such as HuRSV19VH/VK or 
HuRSV19VHFNS/HuRSV19VK should be administered 
parenterally, preferably i.v. (intravenously) or i.m. 
(intramuscularly); or one dose of approximately 200 ug/kg to 
approximately 2 mg/kg of such antibody should be administered iji, 
(intranasally). Preferably, such dose should be repeated every six 
(6) weeks starting at the beginning of the RSV season (October- 
November) imta the end of the RSV season (March-April), 
Alternatively, at the begiiming of the RSV season, one dose of 
approximately 5 mg/kg to approximately 100 mg/kg of an altered 
antibody of this invention for which RSV19 or RSV20 was the donor 
monoclonal antibody, such as HuRSV19VH/VK or 
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HiiRSV19VHFNS/HtiIlSV19VK, should be administered i.v, or i.m. 
or one dose of approximately 0.5 mg/kg to approximately 10 mg/kg 
of such antibody should be administered i.n. 
To effectively therapeutically treat RSV infection in a human, one 

5 dose of approximately 2 mg/kg to approximately 20 mg/kg of an 
altered antibody of this invention for which RSV19 or RSV20 was 
the donor monoclonal antibody, such as HuRSV19VH/VK or 
HuRSV19VHFNS/HuItSV19VK should be administered 
parenterally., preferably i.v. or i,m.; or approximately 200 ug^g to 

10 approximately 2 mg/kg of such antibody should be administered i.n. 
Such dose may, if necessary, be repeated at appropriate time 
intervals until the RSV infection has been eradicated. 

The altered antibodies of the invention may also be administered by 

15 inhalation. By "inhalation" is meant intranasal and oral inhalation 
administration. Appropriate dosage forms for such administration, 
such as an aerosol formulation or a metered dose inhaler, may be 
prepared by conventional techniques. For example, to prepare a 
composition for administration by inhalation, for an aerosol 

20 container with a capacity of 15-20 ml: Mix 10 mg of an altered 

antibody of this invention with 0.2-0.2% of a lubricating agent, such 
as polysorbate 85 or oleic add, and disperse such mixture in a 
propellant, such as freon, preferably in a combination of (1,2 
dichlorotetrafluoroethane) and difluorochloromethane and put into 

25 an appropriate aerosol container adaped for either intranasal or 
oral inhalation administration. As a further example, for a 
comi>osition for adnodnistration by inhalation, for an aerosol 
container with a capadty of 15-20 ml: Dissolve 10 mg of an altered 
antibody of this invention in ethanol (6-8 ml), add 0.1-0.2% of a 

30 lubricating agent, such as polysorbate 85 or oleic add; and disperse 
such in a propellant, such as freon, preferably a combination of (1.2 
dichlorotetrafluoroethane) and difluorochloromethane, and put into 
an appropriate aerosol container adapted for eitiier intranasal or 
oral inhalation administration. 



35 
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The preferred daily dosage amount to be employed of an altered 
antibody of the invention to prophylactically or therapeutically 
treat RSV infection in a human in need thereof to be administered 
by inhalation is from about 0.1 mg to about 10 mg/kg per day). 

5 

Natural RSV infections have been reported in cattle, goats, sheep 
and chimpanzees. Thus, for example, utilizing the methodology 
described above, an appropriate mouse antibody could be 
"bovinized**, and appropriate framework region residue alterations 

10 could be effected, if necessary, to restore specific binding affinity. 
Once the appropriate mouse antibody has been created, one of skill 
in the art, using conventional dosage determination techniques, can 
readily determine the appropriate dose levels and regimens 
required to eflfectively treat, prophylactically or therapeutically, 

15 bovine RSV infection. 

Examples 1-3 show that altered antibodies for prevention and 
treatment of infection can be produced with variable region 
firameworks potentially recognised as "self* by recipients of the 
20 altered antibody. ACnor modifications to the variable region 

firameworks can be implemented to effect large increases in antigen 
binding without appreciable increased immunogenidty for the 
recipient. Such altered antibodies can efifectively prevent and 
eradicate infection. 

25 

Thus the present invention provides an altered antibody in which 
complementarity determining regions (CDRs) in the heavy or light 
chain variable domains have been replaced by analogous parts of 
CDRs firom a different source resulting in antibodies possessing the 

30 combination of properties required for eflfective prevention and 
treatment of infectious disease in animals or man. Suitably, the 
entire CDRs have been replaced. Preferably, the variable domains 
in both heavy and light chains have been altered by CDR 
replacement. Typically, the CDRs firom a mouse antibody are 

35 grafted onto the firamework regions of a human antibody. The 
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altered antibody preferably has the structure of a natural antibody 
or a fragment thereof. 

A preferred antibody is one directed against respiratory syncytial 
virus (RSV), preferably one specific for the fusion (F) protein of 
RSV. A particularly preferred antibody of this kind has the 
following N-terminal variable domain amino acid sequences (see 
the Amino Add Shorthand Table immediately following) in its 
heavy and light chains: 

heavy: 



QVQLQESGPGLVRPSQTLSLTCTVSGFT 
ES(or MK)DYYMHWVRQPPGRGLEWIGWIDPEN 
DDVQYAPKFQGRVTMLVDTSKNQPSLELSSVTAAD 
15 TAVYjQAECor ECNS)WGSDFDHWGQGTTVTVSS 

Ught: 

DIQLTQSPSSLSASVGDRVrrrCRSSQTLVHTDGNTY 
LEWYQQIOPGAPiaXIYKVSNRFSGVPSRFSGSGSGT 
20 DFTFTISSLQPEDIATYYCQSHIJ^RTFGQGTKVEIK 

Table Amino Add Shorthand 



Three-letter One-letter 

25 Amino Add abbreviation symbol 

Alanine Ala A 

Ai^ginine Arg R 

30 

Asparagine Asn N 

Aspartic add Asp D 

35 Cysteine Cys C 

Glutamine Gin Q 

Glutamic add Glu E 
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Glutainic add 
Glycine 

5 

Histidine 
Isoleucme 
10 Lieucine 
Lysine 
Methionine 

15 

Phenylalanine 
Proline 
20 Serine 

Threonine 
Tryptophan 

25 

Tyrosine 
Valine 

30 It will be understood by those skilled in the art that such an altered 
antibody may be further altered by changes in variable domain 
amino adds without necessarily a£Eecfing the spedfidty of the 
antibody for the fusion (F) protein of RSV, and it is antidpated that 
even as many as 25% of heavy and light chain amino adds may be 

35 substituted by other amino adds either in the variable domain 
frameworks or CDRs or both. Such altered antibodies can be 
effective in prevention and treatment of respiratory syncytial virus 
(RSV) infection in animals and man. 

40 The invention also indudes a recombinant plasmid containing the 
coding sequence of the altered antibody of the invention, and a 



Glu 



E 



Gly 
His 
He 
Lieu 

Met 



Lys 

Phe 
Pro 
Ser 



Thr 
Trp 
Tyr 



G 
H 
I 
L 

M 



T 

W 

Y 



K 

F 
P 
S 



Val 
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cell-line transfected with a recombinant plasmid 



containing the coding sequence of the altered antibodies hereof. 
Such a vector is prepared by conventional techniqpies and suitably 
comprises DNA sequences encoding immunoglobulin domains 
5 including variable region frameworks and CDRs derived fit)m a 
di£Eerent source and a suitable promoter operationally linked to the 
DNA sequences which encode the altered antibody. Such a vector is 
transfected into a transfected mammalian cell via conventional 
techniques. 

10 

The invention further comprises a method for effecting mimmgl 
modifications within the variable region firameworks of an altered 
antibody necessary to produce an altered antibody with increased 
binding affinity comprising the following steps: 

15 

(a) analysis of firamework amino acids known to be critical for 
interaction with CDRs, and production and testing of altered 
antibodies where single framework amino adds have been 
substituted by the corresponding amino adds from the same source 
20 as the CDRs; 

G>) analysis of framework amino adds adjacent to CDRs, and 
production and testing of altered antibodies where one or more of 
the amino adds within 4 residues of CDRs have been substituted by 
25 the corresponding amino adds frt>m the same source of the CDRs; 

(c) analysis of framework residues within the altered antibody, 
and production and testing of altered antibodies where dngle amino 
adds have been substituted by the corresponding amino adds with 
30 major differences in charge, size or hydrophobidiy from the same 
source of CDRs. 

The following Examples relate to the novel RSV F protein epitope of 
the invention. 



35 
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10 



15 



20 



25 



30 



SPECIFIC RSV F PROTEIN EPITOPE 

The following examples demonstrate that two monodonals which 
protect and aire mice of in vivo infection by RSV recognize a linear 
epitope within the F protein of RSV (which linear epitope may be 
part of a confoxmational epitope) and which contains amino add 
residues 417 to 438 of the F protein coding sequence induding an 
essential arginine residue at position 429, or any immunoprotective 
portion thereof, such as, but not limited to amino add residues 417- 
432 of the F protein coding sequence, and amino add residues 422- 
438 of the F protein coding sequence. This novel epitope (which 
may be referred to herein as "epitope 417-438") is a suitable target 
for screening for other neutralizing epitopes, for protective and 
therapeutic agents against RSV, and in particular, for monoclonal 
antibodies against this epitope. Knowledge of this epitope enables 
one of skill in the art to define synthetic peptides which would be 
suitable as vacdnes against RSV. Epitope 417-438 is also useful for 
generating monodonal antibodies which will be useful in the 
treatment, therapeutic and/or prophylactic, of human RSV infection 
in humans. 

The present invention also applies to the use of Fab firagments 
derived firom monodonal antibodies directed against such novel 
epitope as protective and therapeutic agents against in vivo 
infection by viruses, and particularly relates to the protection 
against RSV. 

The invention also indudes a recombinant plasmid containing the 
coding sequence of a monodonal antibody generated against the 
417-438 epitope, and a nriammfllign cell-line transfected with a 
recombinant plasmid containing such coding sequence. Such a 
vector is prepared by conventional techniques and suitably 
comprises DNA sequences encoding immimoglobulin domains 
including variable region firameworks and CDRs and a suitable 
promoter operationally linked to the DNA sequences which encode 
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the antibody. Such a vector is transfected into a mammalian cell 
via conventional techniques. 

EXAMPLE 4 

5 

This example shows the production of murine monoclonal 
antibodies against the F protein of BSV which protect and cure 
mice of infection. 

10 Murine monoclonal antibodies (mAbs) 19 and 20 were produced as 
follows. BALB/c mice (obtained from Charles Bivers-spedfic 
pathogen &ee) were inoculated intranasally (i.n.) on two occasions, 
3 weeks apart, with 1x10^ PFU of the A2 strain of human (H) RSV 
(described by Lewis et al., 1961, Mfid* sL Australia. iS, 932-933). 

15 After an interval of 4 months, the mice wex^ inoculated 

intraperitoneally (i.p.) with 2x10^ PFU of the 127 strain of bovine 
(B) RSV (isolated at Institute for Animal Health, Compton, Near 
Newbury, Berks, England). Three days after inoculation, the 
immune splenocytes were fused with NS-1 myeloma ceUs (see, 

20 Williams et al., 1977, CelL 12, 663). The resulting hybridomas were 
screened for antibody to RSV by radioimmunoassay and 
immunofluorescence as described previously (Taylor et. aL, 1984, 
TTnTmiTinlf^py, g2» 137-142), doned twice on soft agar (as described 
by KoHer et. aL, "Immunologic Methods", pp397-402, ed. I. 

25 Lefkovitz & B. Ferris, Academic Press), and the resulting doned 
cells were inoculated into BALB/c mice to produce asdtic fluid as 
described previously (see, Taylor et aL, 1984, Tmmimp] (ygry^ fig, 137. 
142). 

30 The spedfldty of the mAbs for viral polypeptides was determined 
by radioimmune predpitation of (35S)-methionine or (^H)- 
glucosamine labelled RSV-infected cell lysates as described 
previoudy (see, Kennedy, et al., 1988, JL QsSk Vi™L fig, 3023-2032) 
and by immtmoblotting (see, Taketa et al., 1985, Electrophoresis, £, 

35 492-497). The antigens used in immunoblotting were either Hep-2 
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cells (obtained from the American Type Culture Collection, 
Rockville, Maryland, USA) infected with the A2 strain of HRSV or 
primary calf kidney (CiQ cells (produced at the Institute for Animal 
Health, Compton) infected with the 127 strain of BRSV. Uninfected 
5 Hep-2 or CK cells were used as control antigens. 

The inmnmoglobulin isotype of the mAbs was determined by 
immunodigusion using a radial immunodiffusion kit (Serotec, 
Kidlington, Oxfordshire, UK). 



The properties of mAbs 19 and 20 are shown in the following Table 
A. 



10 
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Immxine precipitation of radiolabelled RSV (by the method of 
Brunda at al, (1977) sL IminunoL 119. 193-198) indicated that mAbs 

19 and 20 recognized the fusion (F) glycoprotein. This was 
confirmed by a Western blot of non-reduced and reduced lysates of 

5 cells infected with RSV. The blots were probed with HRP- 

conjugated goat anti-mouse IgG (Kpl, Gaithersburg, Maryland, 
USA). mAbs 19 and 20 recognized the 140k F protein dimer and 
the 70K monomer present in the native F protein antigen and the 
46K Fl fragment in antigen denatured by boiling in 2- 

10 mercaptoethanoL Both mAb 19 and 20 were identified as IgG2a, 
and their ELISA titres against the A2 and 8/60 strains of HRSV 
were similar to the ELISA titres against the 127 strain of BRSV, 
indicating that the epitopes recognized by these mAbs were 
conserved amongst strains of human and bovine RSV. Both mAB 

15 19 and 20 neutralized RSV infectivity and4nhibited the formation 
of multinucleated giant cells in MA104 cells infected with RSV. In 
contrast to mAb 19, mAb 20 lysed RSV-infected cells in the presence 
of rabbit complement. The failure of mAb 19 to lyse RSV-infected 
cells was not due to failure to bind to the surface of virus-infected 

20 cells since mAb 19 stained 88% of such cells. The failujre of mAbl9 
and complement to lyse virus-infected cells indicates that antibody 
and complement-mediated lysis is not important in the in vivo 
protection mediated by this antibody. The ability of mAbs 19 and 

20 to protect against RSV infection was assessed by challenging 

25 mice i.n. with approximately 10^ PFU of RSV 24 h after i.p. 

inoculation of mAbs 19 and 20. The lungs of untreated mice killed 
5 days after challenge contained 5.5 logio^^U of RSV/g tissue 

whereas virus was not detected in the limgs of mice given either 
mAb 19 or 20. 

30 



35 



This example describes methods of isolating mutants of RSV which 
are resistant to inhibition by mAbS 19 and 20 generated in 
Example 4. 
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Mutant RS viruses refractory to neutralization by mAbs 19 and 20 
were produced using a plaque reduction technique with the A2 
strain of HRSV as follows. Confluent monolayers of CK cells, in a 

5 tissue culture flask, were infected with the A2 strain of HRSV at a 
MOI of 0.1. Starting 24 hours after infection and continuing for 3 
to 5 days, the culture medium was replaced daily with fresh 
medium containing 10% mAb. Virus was harvested when a 
ps^topathic effect was observed* Virus prepared in this way was 

10 mixed with an equal volume of either undiluted mAb 19 or 20, or 
mediimi alone for 1 hour at room temperature and inoculated onto 
CK monolayers in 35mm mtalti-well plates (Nimc, Kamstrup, 
Riskilde, Denmark). After 1 hour incubation at ST^'C, the plates 
were overlaid with medium containing 0.25% agarose and 10% mAb 

15 or medium alone. Cultures were incubatec^at ST'C in 5% CO2 in 

air for 7 days before adding the vital stain, 0.3% 3-(4,5- 
Dimethylthia2olyl-2)-2,5-diphenyltetrazolium bromide in 0.15M 
NaCl, to the overlay to visualize virus plaques. 

20 Putative mutant viruses were removed in agar plugs from plates 
which contained sin^e plaques, diluted in medium, mixed with an 
equal volimie of mAbs 19 or 20 and inoculated onto CK monolayers 
in35 mm multi-well plates as before. Putative mutant viruses were 
plaque picked again and inoculated into tubes containing coverslips 

25 of calf testes cells. After 4 to 6 days incubation, the coverslips were 
removed and stained with mAb 19 and 20 and FITC-labelled rabbit 
anti-mouse Ig (Nordic Labs, Tilburg, The Netherlands). As a 
positive control, coverslips were stained with polyclonal bovine 
antiserum to RSV (produced at Institute for Animal Health- 

30 Compton form a gnotobiotic calf hyperimmimised with RSV), and 
FITC-labelled rabbitt anit-bovine Ig (obtained from Nordic 
Immxmology, Tilburg, The Netherlands). RS viruses that failed to 
react by immimofluorescence to mAb 19 or 20 were classed as 
mutant viruses and were used to infect monolayers of Hep-2 cells to 

35 produce antigen for ELISA. Thus, 3 to 4 days after RSV infection. 
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cells were scraped into the medium, spim at 400 g for 5 mins, 
resuspended in distilled water, and treated with 0.5% (v/v) NP40 
detergent to yield a cell lysate* A control cell lysate was made in a 
similar way using uninfected Hep-2 cells. The binding of a panel of 
5 mAbs to the F protein of RSV to the mutant viruses was examined 
by ELISA. Microtitre plate wells were coated with 50 ul of either 
infected or control cell lysate overnight at 37°C, incubated with 
blocking buffer consisting of 5% normal pig serum in PBS and 
0.05% Tween 20 for 1 h at room temperature and washed 5x with 

10 PBS/TWEEN. Serial dilutions (three times) of the mAbs were 

added to the wells and the plates were incubated for 1 hoxor. After 
washing 5 times with PBS/Tween, HKP-conjugated goat anti-mouse 
IgG (Kpl, Gaithersburg, Maryland, USA), diluted 1:2000, was 
added to each well. After a final washing, botmd conjugate was 

15 detected using the substrate 3,3\5,5 -tetranjethylbenzidine (TMB), 
(obtained from ICN Tmnumobiologicals, Illinois). Mutant viruses, 
selected for resistance to mAb 19, failed to react in ELISA with both 
mAbs 19 and 20. Similarly, mutant viruses selected for resistance 
to mAb 20 failed to react with mAbs 19 and 20. All other mAbs 

20 tested reacted with the mutants to the same extent as to parent 
HRSV, strain A2. These results are illustrated in the following 
Table B. 
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Table B Binding of anti-F mAbs to antibody escape mutants of RSV. 





Parent 
A2 


Mutants selected with indicated mAb 


mAb 


19 


20 






C4848f 


C4909/1 


C4902/6 


C4902Wa 


C42902Wb 


C4902WC 


1 




4- 


4- 


4- 


4- 


4- 


4- 


2 




4- 


4- 


4- 
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4- 
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- 










4- 
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4- 
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4- 




















21 
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EXAMPLES 

This example describes the identification of an amino acid sequence 
within the F protein which binds protective monoclonal antibodies 
and demonstrates that arginine 429 is essential for binding 
protective mabs to this amino add sequence. 

Poly(A)+ RNAs, isolated from cells infected with either the A2 
strain of HRSV or each of the mutants described in Example 5, 
were used to sequence the F protein mRNA. These sequences were 
determined by the dideoxy method (cited above) using 5'-32p- 
labelled oligonucleotide primers, synthesized according to the 
previously reported F-protein sequence of the Long strain of RSV 
(see, Lopez, et al., 1988, Vims Res, 10> 249-262), followed by a 
chase with terminal deo^^mudeotide transferase (see, DeBorde, et 
al., 1986. Anal Biochem. 157, 275-282). Three mutants were 
selected with mAb 19 and three were selected with mAb 20. All 

such mutants showed a single transversion (C to G) at nucleotide 
1298 compared with the parent A2 strain. This nucleotide 

substitution changes the amino add residue at position 429 of the F 

protein from arginine to serine. Since mAbs 19 reacted in Western 
blot with the Fi subunit, it is likely that the antibody-binding site 

is determined by a linear sequence of contiguous amino adds in 
which residue 429 of the Fi subunit plays an essential role. 

Synthetic peptides corresponding to amino adds residues 417-432, 
422-438, 417-438 and 421-450 of the F protein were examined for 
their ability to react with mAbs 19 and 20 in ELISA. mAbs 19 and 
20 reacted with peptides 417-432 (F417), 417-438 and with 422-438 
(F422) but not with peptide 431-450. The binding of mAb 19 to 
peptides 417-432 and 422-438 (2ug/well) either coated onto 
microtitre plate wells overnight at 37**C C*dry") or coated onto the 
wells for Ih at room temperature ("wet") is shown in Figure 7. It 
should be noted that mAb 20 gave essentially the same results. 



35 
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E?^amplg 7 

5 This example shows tiiiat Fab fragments derived frt>m mAbs 19 and 
20 can protect and treat mice infected by RSV, 

mAbs 19 and 20 were purified from ascitic flvdd using Protein A 
Sepharose (Pharmacia, Milton Keynes, United Kingdom). 

10 Approximately 10 mg of pinified mAb 19 and 20 were incubated 
with 0.5 ml of immobilized papain (Herce-Oud-Beijerland, The 
Netherlands) for 5 h and overnight respectively at 37**C with 
constant mixing. The resulting Fab fragments were recovered on 
an immobilized Protein A column (Pierce). The purified IgG and 

15 the papain cleaved firagments were analyzed by SDS-PAGE under 
reducing conditions. The purified IgG showed bands at 53,000d 
and 23,000d, corresponding to Ig heavy and hght chains. The 
Protein A fractions containing Fab fragments showed bands at 
approximately 25,000d and the fiiaction containing the Fc 

20 fragments showed 3 distinct bands corresponding to the heavy and 
light chains of the xmdigested IgG and also the Fc fragment at 
approximately 28,000d. The purified IgG and the papain cleaved 
fragments were evaluated for anti-RSV activity by ELISA with 
HRSV strain A2 infected and uninfected Hep-2 cells as antigen, and 

25 HRP-goat anii-mouse Fab (Sigma Chemical Co., St. Louis, Mi, 
USA) and HRP-goat anti-mouse Fc (ICN LnmunoBiologicals, 
Ulinois). The EUSA showed that the Fab firagments of mAbs 19 
and 20 were not contaminated with undigested Ig. These data are 
illustrated in the following Table C. 
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Table C Prophylactic and therapeutic effects of Fab fragments on RSV infection in mice. 



Antibody 


EUSA titre Oogio) 


D5 RSV titre in lungs 


Anti-Fc 


Anti-Fab 


mAb d-1 


mAb d4 


19 


4.4 


4.3 


<1.7 (0/5) 


< 1.7 (0/4) 


19 Fab 


<2.0 


4.6 


<1.7 (0/5) 


<1.7 (0/5) 


None 




4.6 ± 0.06 


20 


5,1 


5.1 s. 


<1.7 (0/5) 


< 1.7 (1/5) 


20 Fab 


<2.0 


4.8 


<1.7 (2/5) 


< 1/7 (2/5) 


None 




4.5 ± 0.08 



Antibcxiy titre measured by ELISA using RSV/A2 and antigen 
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The concentration of antibody in undigested mAbs 19 and 20 were 

adjusted to give ELISA titres similar to those of the Fab firagments 

and examined for their ability to protect against RSV infection in 

BALB/c mice. Groups of 5 mice were inoculated i.n. with 
5 imdigested, purified mAb 19 or mAb 20 or Fab fragments (from 

mAb 19 or mAb 20) either 1 day before or 4 days after i.n. 

inoculation with approximately 10^ PFU of the A2 strain of HRSV. 

Control mice were inoculated with HRSV only. Five days after 

virus challenge, mice were killed and the lungs assayed for RSV 
10 PFU on secondary CK cells as described previously (see, Taylor et 

al., 1984, Infect Immun. 43. 649-655). Fab fragments of mAbs 19 

and 20 were highly effective both in preventing RSV infection and 

in clearing an established infection. 

15 This invention relates to the 417-438 epitqje. This invention also 
relates to monoclonal antibodies generated against the 417-438 
epitope. Such monoclonal antibodies are produced by conventional 
techniques and include, without limitation, murine monoclonal 
antibodies, human monoclonal antibodies, and bovine monoclonal 

20 antibodies. Such monoclonal antibodies may comprise a complete 
antibody molecule (having full length heavy and light chains) or 
any fragment thereof, such as the Fab or (Fab*)2 fragment, a light 

chain or heavy chain dimer, or any minimal recombinant fragment 
thereof such as an Fv or a SCA (single-chian antibody) or any other 
25 molecule with the same spedfidfy as the monoclonal antibody. 

This invention also relates to a pharmaceutical composition 
comprising a monoclonal antibody generated against the 417-438 
epitope and a pharmaceutically acceptable carrier or diluent. 
30 5 
This invention also relates to a method of preventing human RSV 
infection in a human in need thereof which comprises « 
administering to such human an effective, human RSV infection 



inhibiting dose of a monoclonal antibody generated against the 417- 
438 epitope. 
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This invention also relates to a method of therapeutically treating 
human RSV infection in a human in need thereof which comprises 
administering to such human an effective, human RSV infection 
5 therapeutic dose of a monoclonal antibody generated against the 
417-438 epitope. 

To effectively prevent RSV infection in a human, one dose of 
approximately 1 mg/kg to approximately 20 mg/kg of a monoclonal 

10 antibody generated against the 417-438 epitope should be 

administered parenterally, preferably i.v. (intravenously) or i,m. 
(intramuscularly); or one dose of approximately 200 ug/kg to 
approximately 2 mg/kg of such antibody shoiild be administered i.n. 
(intranasaUy). Preferably, such dose should be repeated eveiy six 

15 (6) weeks starting at the beginning of the l^SV season (October- 
November) until the end of the RSV season (March-April). 
Alternatively, at the beginning of the RSV season, one dose of 
approximately 6 mg/kg to approximately 100 mg/kg of a monoclonal 
antibody generated against the 417-438 epitope should be 

20 administered i.v. or i.nL or one dose of approximately 0.5 mg/kg to 
approximately 10 mg/kg of such antibody should be administered 
i.n. 

To effectively therapeutically treat RSV infection in a human, one 
25 dose of approximately 2 mg/kg to approximately 20 mg/kg of a 

monoclonal antibody generated against the 417*438 epitope should 
be administered parenterally., preferably i.v. or i.m.; or 
approximately 200 ug/kg to approximately 2 mg/kg of such antibody 
should be administered Ln. Such dose may, if necessary, be 
30 repeated at appropriate time intervals xmtil the RSV infection has 
been eradicated. 

A monoclonal antibody generated against the 417-438 epitope may 
also be administered by inhalation. By "inhalation" is meant 
35 intranasal and oral inhalation administration. Appropriate dosage 
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forms for such administratioxiy such as an aerosol formulation or a 
metered dose inhaler, may be prepared by conventional techniques. 
For example, to prepare a composition for administration by 
inhalation, for an aerosol container with a capacity of 15-20 ml: Mix 
5 10 mg of a monoclonal antibody generated against the 417-438 
epitope with 0.2-0.2% of a lubricating agent, such as polysorbate 85 
or oleic acid, and disperse such mixture in a propellant, such as 
fireon, preferably in a combination of (1,2 dichlorotetrafluoroethane) 
and difluorochloromethane and put into an appropriate aerosol 

10 container adaped for either intranasal or oral inhalation 
administration. As a further example, for a composition for 
administration by inhalation, for an aerosol container with a 
capacity of 15-20 ml: Dissolve 10 mg of a monoclonal antibody 
generated against the 417-438 epitope in ethanol (6-8 ml), add 0.1- 

15 0.2% of a lubricating agent, such as polysorbate 85 or oleic add; and 
disperse such in a propellant, such as &eon, preferably a 
combination of (1.2 dichlorotetrafluoroethane) and 
difluorochloromethane, and put into an appropriate aerosol 
container adapted for either intranasal or oral inhalation 

20 administration. 

The preferred daily dosage amount to be employed of a monoclonal 
antibody generated against the 417-438 epitoi>e to prophylactically 
or therapeutically treat RSV infection in a human in need thereof to 
25 be administered by inhalation is firom about 0.1 mg to about 10 
mg/kg per day. 
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QLMMS. 

What is claimed is: 

1. An altered antibody in which at least parts of the 
complementarity determining regions (CDRs) in the light and/or 
heavy variable domains of an acceptor monoclonal antibody have 
been replaced by analagous parts of CDRs from one or more donor 
monoclonal antibodies, and in which there may or may not have 
been minimal alteration of the acceptor monoclonal antibody light 
and/or heavy variable domain framework region in order to retain 
donor monoclonal antibody binding specificity, wherein such donor 
antibodies have specificity for a particular microorganism. 

2. The antibody of Claim 1 wherein the microorganism is human 
respiratory syncytial virus (RSV). 

3. The antibody of Claim 2 wherein the donor antibody is directed 
against the fiision (F) protein of RSV, 

4. The antibody of Claim 2 wherein the donor antibody is directed 
against epitope 417-438. 

5. The antibody of Claim 2 which has the following N-terminal 
variable domain amino add sequences in its heavy and light chains: 

heavy: 

QVQLQESGPGLVRPSQTLSLTCTVSGFI 
ESCor MK)DYYMHWVRQPPGRGLE WIGWIDPEN 
DDVQYAPKFQGRVTMLVDTSKNQFSIJiLSSVTAAD 
TAVYiCAB(or ECNS)WGSDFDHWGQGTTVTVSS 
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Ught 



QLTQSPSSLSASVGDRVnrCRSSQTLVHTDGNTYL 

EWYQQKPGAPKLLIYRVSNRFSGVPSRFSGSGSGTD 

FTFTISSLQPEDIATYYCQSHLPRTFGQGTKVEIK 



10 



15 



20 



25 



6. The antibody of Claim 2 wherein the donor monoclonal antibody 
is RSV19. 

7. The antibody of Claim 2 wherein the donor monodonal antibody 
is RSV20. 

8. The antibody of Claim 6 which is HuRSV19VHA^ 

9. The antibody ofQaim 6 which is 
HuIlSV19VHFNaHuRSV19VK 

10. The antibody of Claim 1 which is a Fab fragment or a (Fab')2 
fragment. 

11. A pharmaceutical composition comprising the altered antibody 
of Claim 1 and a pharmaceutically acceptable carrier or diluent. 

12. The composition of Claim 11 wherein the microorganism is 
hiunan RSV. 

13. The composition of Claim 11 wherein the donor antibody is 
directed against the fusion (F) protein of RSV. 

14. The composition of Claim 11 wherein the donor antibody is 
directed against epitope 417-438. 

15. The composition of Claim 11 wherein the altered antibody has 
the following N-terminal variable domain amino add sequences in 
its heavy and light chains: 



35 
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heavy: 

QVQLQESGPGLVRPSQTLSLTCTVSGFI 
ES(orinK)DYYMHWVRQPPGRGLEWIGWIDPENDD 
VQYAPKFQGRVTMLVDTSKNQFSLRLSSVTAADTA 
5 VY2CAB(orZCMS)WGSDFDHWGQGTTVTVSS 



Ught: 

IQLTQSPSSLSASVGDRVnrCRSSQTLVHTDGNTYL 
10 EWYQQKPGAPKLLIYRVSNRPSGVPSRFSGSGSGTD 
FTFTISSLQPEDIATyYCQSHLPRTFGQGTKVEIK 



16. The composition of Claim 11 wherein the donor monoclonal 
15 antibody is RSV19. 

17. The composition of Claim 11 wherein the donor monoclonal 
antibody is RSV20. 

20 18. The composition of Claim 16 wherein the altered antibody is 
HuRSV19VH/VK 

19. The composition of Claim 16 wherein the altered antibody is 
HuRSV19VHFNS/HuRSV19VK 

25 

20.. The composition of Claim 10 wherein the altered antibody is a 
Fab fragment or a (Fab')2 fragment. 

21. A method of preventing human RSV infection in a human in 
30 need thereof which comprises administering to such human, an 

effective, human RSV infection inhibiting dose of the altered 
antibody of any of Claims 4, 5, 6, 7, 6, and 9. 

22. The method of Claim 21 wherein one dose of approximately 1 
35 mg/kg to approximately 20 mg/kg of the altered antibody is 



# 
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22. The method of Claim 21 wherein one dose of approximately 1 
mg/kg to approximately 20 mg/kg of the altered antibody is 
administered parenterally, preferably i.v. (intravenously) or i-m. 
(intramuscularly). 

5 

23. The method of Claim 21 wherein one dose of approximately 200 
ug/kg to approximately 2 mg/kg of the altered antibody is 
administered i.n. (intranasally). 

24. The method of Claim 22 wherein the dose is repeated every six 
10 (6) weeks starting at the beginning of the RSV season (October- 
November) until the end of the RSV season (March-April). 

25. The method of Claim 23 wherein the dose is repeated every six 
(6) weeks starting at the beginning of the RSV season (October- 

15 November) imtil the end of the RSV seasoi^ (March-April). 

26. The method of Claim 21 wherein, at the beginning of the RSV 
season, one dose of approximately 5 mg/kg to approximately 100 
mg/kg of the altered antibody is administered i.v. or im., or one 

20 dose of approximately 0.5 m^g to approximately 10 mg/kg of such 
antibody is administered i.n 

27. The method of Claim 21 wherein the altered antibody is 
HuRSV19VHFNS/HuRSV19VK 

25 

28. The method of Claim 21 wherein the altered antibody is 
HuRSV19VHA7K 

29. A metiiod of therapeutically treating human RSV infection in a 
30 human in need thereof which comprises administering to such 

human an effective, human RSV infection therapeutic dose of the 
altered antibody of any of Claims 4, 5, 6, 7, 8, and 9. 
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30. The method of Claim 29 wherein one dose of approximately 2 
mg/kg to approximately 20 mg/kg of the altered antibody is 
administered parenterally., preferably i.v. or i.m. 



5 31. The method of Claim 29 wherein approximately 200 ug/kg to 
approximately 2 mg/kg of the altered antibody is administered i.n. 

32. A monoclonal antibody generated against Epitope 417-438. 

10 33. A pharmaceutical composition comprising the monoclonal 

antibody of Claim 32 and a pharmaceutically acceptable carrier or 
diluent. 

34. A method of preventing human RSV infection in a hiunan in 
need thereof which comprises administering to such human an 

15 efiTective, human RSV infection inhibiting 4ose of the monoclonal 
antibody of Claim 32. 

35. The method of Claim 34 wherein one dose of approximately 1 
mg/kg to approximately 20 mg/kg of the monoclonal antibody is 

20 administered parenterally, preferably i.v. (intravenously) or i.m, 
(intramuscularly). 

36. The method of Claim 34 wherein one dose of approximately 200 
ug/kg to approximately 2 mg/kg of the monoclonal antibody is 

25 administered i.n. (intranasally). 

37. The method of Claim 35 wherein such dose is repeated every six 
(6) weeks starting at the beginning of the RSV season (October- 
November) until the end of the RSV season (March-April). 

30 

38. The method of Claim 36 wherein such dose is repeated every six 
(6) weeks starting at the beginning of the RSV season (October- 
November) tmtQ the end of the RSV season (March-April). 
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39. The method of Claim 34 wherein, at the beginning of the RSV 
season, one dose of approximately 5 mg/kg to approximately 100 
mg/kg of the monoclonal antibody is administered i.v. or i.m., or one 
dose of approximately 0.5 mg/kg to approximately 10 mg/kg of such 

5 antibody is administered i.n. 

40. A method of therapeutically treating human RSV infection in a 
human in need thereof which comprises administering to such 
htmxan an effective, human RSV infection therapeutic dose of the 

10 monoclonal antibody of Claim 32« 

41. The method of Claim 40 wherein one dose of approximately 2 
m^kg to approximately 20 mg/kg of the monoclonal antibody is 
administered parenterally, preferably i.v. or Lm. 

15 42. The method of Claim 40 wherein approximately 200 ug/kg to 
approximately 2 mg/kg of the antibody is administered i.n. 

43. The monoclonal antibody of Claim 32 which is a Fab fragment. 

20 44. The method of Claim 34 wherein the monoclonal antibody is 
administered by inhalation. 

45. The method of Claim 40 wherein the monoclonal antibody is 
administered by inhalation. 

25 

46. The method of Claim 21 wherein the altered antibody is 
administered by inhalation. 

47. The method of Claim 29 wherein the altered antibody is 
30 administered by inhalation. 

48. A method for effecting nilnimal modifications within the 
variable region firameworks of an altered antibody necessary to 
produce an altered antibody with increased binding afi&nity 

35 comprising the following steps: 
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(a) analysis of framework amino acids known to be critical for 
Interaction with CDRs, and production and testing of altered 
antibodies where single framework amino acids have been 

5 substituted by the corresponding amino adds from the same source 
as the CDRs; 

(b) analysis of framework amino adds adjacent to CDRs» and 
production and testing of altered antibodies where one or more of 

10 the amino adds within 4 residues of CDRs have been substituted by 
the corresponding amino adds from the same source of the CDRs; 

(c) analysis of framework residues within the altered antibody, 
and production and testing of altered antibodies where single amino 

15 adds have been substituted by the correspqnding amino adds with 
m^jor differences in charge, size or hydrophobidty from the same 
source of CDRs. 

49. A recombinant plasmid containing the coding sequence of the 
20 altered antibody of Claim 1. 

50. A manunalian cell-line transfected with the recombinant 
plasmid of Claim 49. 

25 51. A recombinant plasmid containing the coding sequence of the 
monoclonal antibody of Claim 32. 

52. A mammnlian cell line transfected with the recombinant 
plasmid of Claim 51. 



30 
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